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r  has  been  known  for  some  time  that  many  of  the  metals  or 
metal  salts  exert  a  degree  of  toxicity  when  ingested,  inhaled  or 
placed  on  the  skin  surfaces.  Naturally,  the  level  of  a  metal  which 
causes  a  toxic  reaction  varies  tremendously  with  the  mineral. 
Zinc  salts  are  not  particularly  toxic  in  comparison  to  some  of  the 
other  metal  salts  such  as  those  of  copper,  molybdenum  or  mercury; 
however,  studies  on  zinc  toxicity  have  revealed  rather  interesting 
interrelationships  which  are  worthy  of  our  attention. 
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ZINC  TOXICITY  IN  MAN 
AND  EXPERIMENTAL  SPECIES** 

ROBERT  VAN  RKKN 

INTRODUCTION 

It  has  been  known  for  some  time  that  many  of  the  metals  or 
metal  salts  exert  a  degree  of  toxicity  when  ingested,  inhaled  or 
placed  on  the  skin  surfaces.  Naturally,  the  level  of  a  metal  which 
causes  a  toxic  reaction  varies  tremendously  with  the  mineral. 
Zinc  salts  are  not  particularly  toxic  in  comparison  to  some  of  the 
other  metal  salts  such  as  those  of  copper,  mo!yl)denum  or  mercury; 
however,  studies  on  zinc  toxicity  have  revealed  rather  interesting 
interrelationships  which  are  worthy  of  our  attention. 

In  the  present  review,  zinc  toxicity  in  man,  rats  and  in  experi¬ 
mental  species  other  than  rats  will  be  discussed.  Several  review 
articles  and  discussions  on  zinc  toxicity  were  consulted  in  pre¬ 
paring  this  manuscript  (1-4) .  These  may  be  of  value  to  those  de¬ 
siring  further  reading  into  the  problem. 

ZINC  TOXICITY  IN  MAN 

Zinc  poisoning  in  man  has  been  studied  in  regard  to  three 
distinct  avenues  of  exposure  to  salts  of  the  metal:  (a)  Ingestion 
of  toxic  amounts  of  zinc  with  food  or  drink;  (b)  inhalation  and 
retention  of  dusts  and  fumes  of  zinc  in  fairly  high  concentrations, 
and  (c)  direct  contact  of  zinc  or  zinc  salts  with  the  skin. 

Our  interest  here  will  be  primarily  with  the  first  avenue  of  ex¬ 
posure,  that  is  through  food  and  drink,  although  documentation 
will  be  provided  concerning  the  second  and  third  pathways  for 
those  who  may  be  interested.  No  attempt  has  been  made  to  pro¬ 
vide  an  exhaustive  literature  survey,  since  much  of  the  early  work 
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andinde  :d  some  of  the  more  recent  observations  are  confused  by 

IT . the  possi  >ility  that  other  metals  were  involved. 

BISTNIIUTION/AVAILABILITY  COOES 

AVAIL,  and/or  SOCIAL  Toxicity  due  to  Inhalation  of  Zinc  Oxide  Fumes 

Valle :  (5)  has  presented  a  brief  review  of  zinc  toxicity  due  to 
he  inhalption  of  zinc  oxide  fumes  (also  called  metal  fume  fever, 


galvo,  buss  founders  ague,  brass  chills,  zinc  shakes  and  spelter 
s  takes) .  \  review  of  zinc  toxicity  in  man  can  also  be  found  in  a 
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recent  article  by  Stokinger  (6) .  The  inhalation  of  zinc  oxide 
fumes  causes  fever,  malaise  and  depression,  coughing  which  might 
induce  vomiting,  excessive  salivation  and  headache.  In  regard  to 
the  inhalation  of  zinc  oxide,  the  studies  of  Sturgis,  Drinker,  and 
Thompson  (7)  are  interesting  in  that  two  healthy  subjects  were 
exposed  to  fumes  and  their  reactions  measured.  The  average  con¬ 
centration  of  zinc  oxide  calculated  as  zinc  was  (>00  mg/m3  (Table 
LXXII).  One  subject  breathed  vapors  for  10.5  minutes  and  in¬ 
spired  48  mg  of  zinc,  while  the  second  subject  breathed  the  vapors 
for  twelve  minutes  inspiring  74  mg  of  zinc.  Both  developed 
moderate  symptoms  of  zinc  toxicity.  The  actual  concentration  of 
zinc  in  the  air  appears  to  be  a  factor  in  determining  the  toxicity 
of  zinc  oxide  since  Batchelor,  Fehnel,  Thompson,  and  Drinker 
(8)  found  no  acute  or  chronic  illness  in  their  examinations  of 
twenty-four  men  who  had  been  exposed  during  working  hours  to 
zinc  oxide  fumes  at  levels  of  about  S  to  15  mg  zinc/m3  for  from 
two  to  thirty-five  years.  According  to  Stokinger  (6) ,  the  American 
Conference  of  Government  Industrial  Hygienists  accepts  a  limit 
of  15  mg  zinc/m3  of  air. 

In  spite  of  pur  knowledge  of  metal-fume  fever,  cases  are  still 
reported  (9) ,  and  the  problem  really  revolves  about  prevention 
through  reducing  fume  concentration,  limiting  exposure  time, 


TABLE  I.XXI1 

METAL  FUME  FEVER  STUDIES* 


Concentration  in  Air 

600  mg  zinc! ms 

Zinc  inhaled 

Subject  ! 

-18  mg/IOJ)  min 

Subject  2 

7-1  mg/ 12.0  min 

Zinc  retained 

Subject  1 

94  mg 

Subject  2 

S7  mg 

Observations  of  .Sturgis.  Drinker,  and  Thompson  (7) . 
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maintaining  adequate  ventilation  or  using  mechanical-filter  re¬ 
spiratory  devices. 

Toxicity  due  to  Contact  with  Metal  Salts 
In  regard  to  zinc  toxicity  in  man  due  to  contact  of  metal  salts 
with  the  skin,  it  can  be  said  that  zinc  oxide  ointments  have  been 
used  for  many  years.  Turner  has  indicated  that,  while  zinc  oxide 
is  a  relatively  nontoxic  substance,  the  material  may  block  the 
sebaceous  gland  ducts  and  give  rise  to  a  papulopustitlar  eczema  in 
men  engaged  in  packing  the  substance  (10) . 

Sensitivity  to  zinc  oxide  appears  to  be  quite  rare,  although 
Freeman  (11)  has  reported  a  dermatitis  in  a  family  resulting  from 
ex|M>sure  to  zinc  salts.  Some  of  the  salts  of  zinc  such  as  the  chloride 
have  a  caustic  action  and  may  result  in  ulceration  of  the  fingers, 
hands,  or  forearm  of  those  who  use  it  as  a  flux  in  soldering  or  in 
other  occupations.  In  cases  of  such  ulceration,  we  cannot  attribute 
the  action  to  a  sensitivity  or  allergy  to  the  zinc  ion,  since  con¬ 
tinued  exposure  to  any  strong  acid  or  alkali  will  eventually  cause 
skin  damage. 

Toxicity  due  to  the  Ingestion  of  Zinc  Salts 
Zinc  is  present  in  the  various  tissues  of  man  and  other  verte¬ 
brates  in  concentrations  varying  from  10  to  200  /xg/gm  (I,  12,  13). 
An  extensive  study  on  the  mineral  composition  of  tvhole  human 
bodies  on  a  fat-free  basis  by  Widdowson,  McCance  and  Spray  (14) 
indicated  that  a  70  kg  man  contains  from  1.36  to  2.32  gm  of  zinc. 
This  compares  with  values  of  4.2  to  6.1  gm  of  iron  and  81  to  230 
mg  of  copper. 

The  normal  zinc  intake  by  man  has  been  estimated  by  Mc¬ 
Cance  and  Widdowson  (15)  to  be  about  10  to  15  mg /day.  From 
5.1  to  10.3  mg/day  is  excreted  in  the  stool,  according  to  the  level 
of  intake  and  about  440  ±  120  ftg/day  excreted  in  the  urine. 
Losses  via  other  routes  such  as  sweat,  skin,  milk,  etc.  must  also  be 
considered  in  a  zinc  balance  study. 

According  to  Hininan  (16)  the  threshold  concentration  of 
zinc  for  taste  in  drinking  water  is  about  15  ppm,  with  40  ppm 
producing  a  definite  metallic  taste  and  also  imparting  a  milky  ap- 
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pearance  to  the  water  (Table  LXXIII) .  The  emetic  concentra¬ 
tion  range  in  water  is  675  to  2280  ppm.  Sollman  (17)  lists  the 
emetic  dose  of  zinc  sulfate  to  be  1  to  2  gm,  which  is  approximately 
equivalent  to  225  to  450  mg  of  zinc.  Since  this  is  the  amount 
which  would  cause  immediate  vomiting,  the  amount  that  could 
be  retained  in  the  stomach  and  cause  subsequent  illness  would  be 
somewhat  less.  The  usual  symptoms  of  toxicity  are  fever,  nausea, 
vomiting,  stomach  cramps  and  diarrhea  in  three  to  twelve  hours 
following  ingestion,  although  some  cases  have  been  reported  with¬ 
in  twenty  minutes  of  drinking  contaminated  liquids  without  the 
ingestion  of  foods. 


TABLE  LXIH 
TOXICITY  OF  ZINC 


Threshold  for  taste 
Definite  taste 
Emetic  concentration 
Emetic  dose  (ZnS04.7H20) 
Equivalent  in  Zn” 


15  ppm  (water) 

40  ppm  (water) 
075-2280  ppm  (water) 
1  -  2  gm 
225-450  mg 


The  fact  is  well  known  that  poisonous  amounts  of  zinc  can 
be  brought  into  solution  when  fruit  juices  are  placed  in  galvanized 
iron  utensils  or  when  vegetables  and  meats  are  cooked  in  them. 
Numerous  reports  of  zinc  poisoning  can  be  found  in  the  public 
health  and  medical  literature,  and  essentially  all  of  them  relate 
the  illness  to  the  type  of  pots  or  cooking  utensils  used  in  the 
preparation  of  foods.  A  difficulty  in  interpretation  arises,  however, 
from  the  fact  that  the  specificity  of  the  toxicity  generally  could 
not  be  established.  Metal  poisoning  by  minerals  other  than  zinc 
could  have  contributed  to  the  illnesses.  As  an  example,  Callender 
and  Gentzkow  (18)  have  reported  on  episodes  with  two  com¬ 
panies  of  soldiers  in  which  about  80  per  cent  of  the  personnel  were 
ill  with  gastrointestinal  distress  and  diarrhea  of  varying  intensity. 
The  poisoning  was  apparently  the  result  of  drinking  limeade  pre¬ 
pared  in  galvanized  iron  garbage  cans.  To  establish  this,  a  fruit 
drink  was  prepared  in  a  similar  fashion  and  then  analyzed  for 
heavy  metals  (Table  LXXIV) .  The  average  dose  of  zinc  was 
estimated  to  be  495  mg  and  468  mg  per  man  for  the  two  com¬ 
panies.  The  average  doses  of  antimony  was  calculated  to  be  10.5 
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mg  and  10.0  mg  per  man,  respectively,  or  29.0  mg  and  27.6  mg, 
calculated  as  antimonyl-potassium  tartrate.  The  emetic  dose  of  the 
latter  compound  is  about  .‘50  mg.  Thus,  the  experimental  studies 
indicated  that  poisonous  amounts  of  zinc  and  antimony  were 
present  in  the  limeade  and  that  these  were  responsible  for  the 
symptoms,  but  the  relative  importance  of  the  two  metals  could 
not  be  stated. 

TABLE  I.XXIV 

CON  TAMINA  TION  OF  LIMEADE  BY  STORAGE  IX  GALVANIZE!)  CAN'S* 

Zinc  730  mg/Iitcr 

Antimony  15.6  mg/Iitcr 

Arsenic  trace 

Ctt,  Hg,  PI)  none 

Iron  considerable 

•From  Callender  and  Gcnt/kow  (18) . 

A  very  recent  report  by  Brown,  Thom,  Orth,  Cova  and  Juarez 
(19)  about  two  situations  of  mass  food  poisoning  indicated  that 
they  were  due  to  zinc  contamination  and  not  to  other  metals.  The 
first  episode  involved  ‘500  to  ‘550  ill  people  out  of  400  attending 
a  celebration  for  which  food  was  stored  in  galvanized  tubs.  Rins¬ 
ing  the  tubs  used  for  food  storage  with  acid  rinses  resulted  in 
a  solution  containing  zinc  in  a  concentration  over  2,500  ppm.  No 
other  metals  were  found  in  any  but  trace  amounts  other  than  iron. 
Some  of  the  ill  patients  showed  zinc  levels  in  their  stools  as  high 
as  1200  ppm.  on  a  dry  weight  basis.  In  the  second  episode,  forty- 
four  subjects  of  fifty-one  who  drank  a  punch  stored  in  a  galva¬ 
nized  container  became  ill.  It  was  found  that  a  5  oz.  portion  of  the 
punch  contained  525  mg  of  zinc,  an  amount  which  is  within  the 
emetic  dose  of  the  metal. 

Because  of  the  difficulties  inherent  in  studying  the  cause  of 
food  poisoning,  in  some  cases  days  after  the  occurrence,  a  number 
of  investigators  have  turned  to  experimental  animals  for  more 
basic  information  on  the  mechanism  of  toxicity. 

ZINC  TOXICITY  IN  RATS 

Some  of  the  early  studies  with  experimental  animals  were 
initiated  in  order  to  elucidate  the  contradictory  findings  concern- 
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ing  the  toxicity  of  zinc  to  man.  A  review  of  the  early  pharmaco¬ 
logical  studies  on  zinc  can  be  found  in  an  article  by  Saiant  (20). 
Reports  can  be  found  in  the  literature  of  the  beginning  of  the 
twentieth  century  which  suggest  that  food  poisoning  can  result 
from  storage  of  a  variety  of  edibles  in  zinc-lined  or  galvanized 
containers.  Heller  and  Burke  (21)  studied  the  concentration  ol 
zinc  in  buttermilk  stored  in  galvanized  pails  and  found  up  to  33 
mg  zinc/liter  after  forty-eight  hrs.  of  storage.  The  same  investiga¬ 
tors  fed  young  rats  a  basal  diet  consisting  of  natural  materials 
with  and  without  0.25  per  cent  zinc  provided  as  zinc  dust,  zinc 
chloride,  zinc  carbonate  or  zinc  sulfate.  This  level  of  zinc  did  not 
cause  reduced  growth,  and  the  general  appearance  of  the  animals 
as  to  the  eyes,  smoothness  of  coat  and  ease  of  movement  did  not 
indicate  any  deleterious  effect.  Three  generations  were  main¬ 
tained  on  the  same  ration  with  the  same  vigor  in  growth  and 
reproduction  and  without  any  obvious  changes  of  the  internal 
organs. 

In  a  series  of  reports  (22,  25) ,  findings  were  presented  con¬ 
cerning  the  absorption,  storage  and  excretion  of  zinc  and  on  the 
physiological  and  pathological  action  of  zinc  in  rats,  cats  and  dogs. 
The  latter  reference  also  provides  a  good  review  of  earlier  papers 
on  zinc  toxicity.  The  results  of  the  above  investigations  demon¬ 
strated  that  the  ingestion  of  0.5  to  34.4  mg  of  zinc  per  day  by  rats 
was  not  toxic  and  that  only  a  small  fraction  of  the  ingested  zinc 
is  excreted  in  the  urine,  the  major  fraction  by  far  appearing  in  the 
feces. 

Later  studies  by  Sutton  and  Nelson  (24)  established  the  toxic 
level  of  zinc  ions  for  young  rats  to  be  between  0.5  and  1.0  per  cent 
of  the  ration.  Below  this  level  growth,  reproduction  and  hemo¬ 
globin  levels  were  normal.  After  39  weeks  on  toxic  levels  of  zinc 
administered  as  zinc  carbonate,  hemoglobin  levels  dropped  to 
10.2  and  6.1  gm/100  ml  for  rats  receiving  0.5  and  1.0  per  cent 
zinc,  respectively.  The  anemia  was  of  the  hypochromic,  microcytic 
type.  The  establishment  of  toxicity  at  0.5  to  1.0  per  cent  zinc  ap¬ 
pears  quite  valid  in  that  the  investigators  used  purified  salts,  and 
it  is  unlikely  that  other  elements  were  involved.  As  indicated 
previously,  the  cases  of  poisoning  in  man  through  the  use  of 
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galvanized  containers  were  complicated  by  the  fact  that  materials 
other  than  zinc  could  have  contributed  to  the  toxicity. 

In  spite  of  the  low  toxicity  of  zinc  salts,  some  interesting  ob¬ 
servations  have  been  made  concerning  the  mechanism  of  toxicity. 
Smith  and  Larson  (25)  used  rations  containing  0.7  per  cent  zinc 
and  studied  the  effects  of  various  supplements  on  the  toxicity. 
They  observed  that  0.2  mg  copper  as  cupric  sulfate  per  day  was 
effective  in  alleviating  the  anemia  associated  with  zinc  toxicity, 
whereas  a  combination  of  2  mg  iron  as  ferric  pyrophosphate  and 
0.2  mg  cobalt  as  cobaltous  chloride  was  not.  These  investigators 
also  demonstrated  that  1  per  cent  liver  extract  powder  produced 
significantly  better  growth  when  incorporated  into  the  toxic  diets. 
Thus,  two  of  the  effects  of  zinc  toxicity  in  rats  can  be  partially 
mitigated,  namely,  the  anemia  with  copper  salts  and  the  growth 
depression  with  liver  extract.  As  a  working  hypothesis,  it  might 
be  possible  to  assume  that  excessive  dietary  zinc  in  the  rat  induces 
a  copper  deficiency.  If  this  is  true,  then  the  biological  systems  in¬ 
volving  copper  would  be  expected  to  be  affected. 

Hart,  Steenbock,  Waddell  and  Elvehjem  (26)  have  demon¬ 
strated  the  need  of  copper  for  hemoglobin  formation,  and  this 
helps  explain  the  anemia  of  zinc  toxicity.  Furthermore,  Schultze 
(27,  28)  reported  that  feeding  rats  a  copper-deficient  diet  results  in 
decreased  activities  of  cytochrome  oxidase  in  the  livers,  heart  and 
bone  marrow.  In  another  report,  Schultze  and  Kuiken  (29)  in¬ 
dicated  that  rat  liver  catalase  activity  was  also  decreased  in  copper 
deficiency.  In  a  series  of  experiments,  Van  Reen  and  Pearson  (SO) 
and  Van  Reen  (SI)  showed  that  a  dietary  level  of  500  to  700  mg 
per  cent  zinc  administered  to  rats  as  zinc  carbonate  resulted  in  a 
marked  reduction  in  liver  catalase  and  cytochrome  oxidase  activi¬ 
ties.  Copper  fed  as  copper  sulfate,  along  with  the  toxic  zinc- 
levels,  resulted  in  an  increase  in  liver  catalase  and  cytochrome 
oxidase  activities  to  normal  values.  In  these  latter  studies,  while 
copper  supplementation  influenced  the  liver  enzymes,  it  had  no 
effect  in  correcting  the  growth  inhibition  produced  by  zinc. 
Similar  findings  in  regard  to  hemoglobin  and  heart  cytochrome 
oxidase  activities  were  reported  simultaneously  by  Duncan,  Gray 
and  Daniel  (32)  while  confirmation  of  the  effect  of  copper  supple- 
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mentation  on  liver  cytochrome  oxidase  has  been  provided  by 
William  (3:}) . 

Effects  of  zinc  feeding  to  rats  other  than  the  aforementioned 
have  been  reported  in  a  series  of  papers  by  Sadasivan  (54-50) .  In 
this  work,  levels  of  zinc  oxide  of  0.5  and  1.0  per  cent  caused  a 
reduction  in  the  weight  and  the  fat  content  of  the  livers  and  also 
adversely  affected  the  femurs  resulting  in  lower  calcium  phos¬ 
phorus  ratios  than  in  normal  rats.  Other  changes  included  in¬ 
creased  excretion  of  urinary  and  fecal  nitrogen,  lowered  urinary 
excretion  of  phosphorus  and  sulfur,  but  increased  fecal  excretion, 
increased  urinary  uric  acid  and  creatinine  and  increased  liver,  and 
kidney  alkaline  phosphatase  activities.  The  influence  of  dietary 
zinc  on  calcium  and  phosphorus  and  its  relationship  to  bone  de¬ 
velopment  has  been  studied  in  considerable  detail  by  Stewart  and 
Magee  (57) .  These  investigators  have  presented  data  which  in¬ 
dicate  that  zinc  has  an  antagonistic  effect  on  the  normal  deposition 
of  calcium  and  phosphorus  in  the  bones  of  young  rats,  an  effect 
which  can  be  alleviated  with  dietary  calcium  and  phosphorus 
supplements.  Dietary  zinc  also  caused  an  increase  in  fecal  and 
urinary  calcium  and  phosphorus  resulting  in  decreased  retention. 
It  appears  that  an  antagonism  exists  between  zinc  and  calcium 
from  the  tvork  of  Newland,  Ullrey,  Hoefer  and  Lueckc  (58)  who 
indicated  that  increased  fecal  excretion  of  zinc  occurs  in  pigs  given 
supplements  of  calcium.  The  earlier  observations  of  Hoekstra, 
Lewis,  Phillips  and  Grummer  (59)  also  support  this  concept. 

In  view  of  the  ameliorating  effect  of  copper  salts  on  zinc  toxic¬ 
ity,  a  number  of  studies  have  been  undertaken  to  determine  the 
fate  of  copper  and  copper  storage  during  toxicity.  Duncan,  Gray 
and  Daniel  (52)  reported  that  the  copper  content  of  the  norma! 
rat  heart  was  27  pg/gm,  whereas  that  of  the  zinc-toxic  animal 
was  10  fig/gm  on  the  dry  weight  basis.  In  a  time  study  designed 
to  determine  whether  liver  copper  or  iron  was  reduced  first  in 
the  rat,  Cox  and  Harris  (40)  studied  the  effects  of  0.4  per  cent 
zinc  over  a  forty-two-day  period.  Anemia  was  evident  after  four¬ 
teen  days;  however,  the  iron  content  of  the  livers  dropped  to 
about  50  per  cent  of  controls  after  only  seven  days.  A  consistent 
decrease  in  liver  copper  stores  did  not  develop  until  between 


| 

h 


! 


? 

! 


i 

t 


t 

i 

I 

| 


Zinc  Toxicity  in  Man  and  T.\  fin  ini  mini  Sfircies  9 

twenty-one  and  twenty-eight  days  on  the  zinc-toxic  diet.  The 
study  also  showed  that  the  buildup  of  liver  zinc  is  very  rapid,  be¬ 
ing  found  in  the  livers  in  high  concentrations  after  only  one  day 
on  the  diet.  Unfortunately,  the  concentrations  of  minerals  in  the 
liver  may  not  he  related  to  their  availability.  McCall,  Mason  and 
Davis  (41)  have  also  reported  a  decrease  in  the  iron  content  oi 
livers  of  rats  given  zinc.  Evidence  was  also  presented  indicating 
that  the  severity  of  symptoms  of  zinc  toxicity  depends  upon  the 
type  and  level  ol  dietary  protein.  Rats  fed  20  or  ‘50  per  cent  soy¬ 
bean  protein  were  more  resistant  to  zinc  toxicity  than  rats  fed 
casein  diets. 

The  actual  fraction  of  liver  iron  lost  under  the  influence  of 
zinc  feeding  has  been  investigated  by  Cox  and  Harris  (42) .  They0 
reported  that  0.4  per  cent  zinc  as  zinc  oxide  in  the  diet  of  rats 
reduced  liver  iron,  ferritin,  hemosiderin  and  hemoglobin.  Of  the 
total  iron  lost,  approximately  77  per  cent  was  from  ferritin  iron 
and  20  per  cent  from  hemosiderin  iron. 

Grant-Frost  and  Underwood  (43)  undertook  to  determine 
whether  the  effects  of  zinc  toxicity  in  rats  was  due  to  reduced  food 
intake.  From  a  series  of  studies,  they  have  concluded  that  the  de¬ 
pressing  effect  of  zinc  on  growth  is  caused  largely  by  reduced  food 
intake,  but  that  the  anemia  is  caused  by  a  zinc-induced  copper  de¬ 
ficiency  in  the  animals.  They  further  consider  that  zinc  lowered 
tissue  copper  but  also  antagonized  copper  absorption. 

Under  certain  conditions,  zinc  salts  may  be  more  toxic:  than 
indicated  in  the  previous  discussion.  Thus,  Brinkman  and  Miller 
(44)  have  demonstrated  that  rats  receiving  200  ppm  molybdenum 
and  0.05  per  cent  zinc  oxide  had  a  weight  gain  of  only  52  per  cent 
of  that  of  rats  fed  molybdenum  alone.  Similarly,  rats  fed  200  ppm 
molybdenum  gained  less  weight  and  showed  lower  hemoglobin 
levels  when  maintained  in  galvanized  rather  than  stainless  steel 
cages.  It  is  thus  apparent  that  since  zinc  interferes  with  copper 
metabolism,  any  other  dietary  factor  which  influences  copper 
levels  may  be  expected  to  affect  the  tolerance  of  the  rat  to  zinc- 
salts. 

In  summary,  it  may  be  said  that  the  feeding  of  zinc  to  rats  has 
many  and  varied  effects  (Table  LXXV) .  The  best  documented 
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observations  are  in  regard  to  growth  depression,  which  can  be 
alleviated  by  liver  extract  and  an  induced  copper  deficiency,  which 
results  in  anemia  and  lowered  activities  of  several  iron-containing 
enzymes.  These  latter  effects  can  be  mitigated  by  providing  sup¬ 
plemental  copper  and,  in  some  cases,  iron.  Zinc  may  also  interfere 
with  the  utilization  or  absorption  of  other  divalent  minerals,  such 
as  calcium. 


I  ABLE  LXXV 
ZINC  TOXICITY  IN  RATS 


Effects  Observed 

0.23%  zinc  is  non-toxic  level. 

Up  to  34.4  mg  zinc/day  non-toxic.  (35-53  wks) 

O.u-1.0%  zinc— reduced  growth,  anemia,  poor 
icproduction. 

0.7%  zinc— anetnia  modified  by  copper— poor 
growth  improved  by  liver  extract. 

0.5%  zinc  reduces  liver  catalase  and  cytochrome 
oxidase— reversed  by  copper. 

0.5%  zinc  reduces  weight  and  fat  of  liver, 
lowers  Ca/P  of  femurs,  increases  urinary'  and 
fecal  nitrogen,  reduces  urinary  phosphate  and 
sulfate. 

1.0%  zinc— anemia  and  reduced  heart  cyto¬ 
chrome  oxidase— reversed  by  copper. 

0.4  ■  0.6%  zinc  reduces  liver  iron  and  copper. 

0.5%  zinc  less  toxic  on  soybean  than  casein  pro¬ 
tein  diet. 

0.4%  zinc  reduces  liver  ferritin  and  hemosiderin. 

0.75%  zinc  decreases  bone  calcium.  Calcium 
phosphorus  reduce  bone  uptake  of  zinc. 

0.5%  zinc  depresses  food  intake  and  therefore 
weight.  Inhibits  copper  and  causes  anemia. 


Investigator 
Heller  ami  Burke  (21) 
Drinker  rt  at.  (22) 
Sutton  and  Nelson  (24) 

Smith  and  Larson  (25) 

Van  Rcen  (31) 

Sadasivan  (34) 


Duncan  et  at.  (32) 

Cox  ami  Harris  (40) 
McCall  et  at.  (4!) 

Cox  and  Harris  (42) 
Stewart  and  Magee  (37) 

Grant-Frost  and  Under¬ 
wow!  (43) 


ZINC  TOXICITY  IN  EXPERIMENTAL  SPECIES 
OTHER  THAN  RATS 

Very  brief  mention  has  already  been  made  of  the  work  of 
Drinker,  Thompson,  and  Marsh  (22)  on  zinc  toxicity  in  cats  and 
dogs.  No  further  information  will  be  provided  here,  since  it  ap¬ 
pears  that  the  toxicity  is  similar  to  that  in  rats. 

Sastry,  Murty,  and  .Sarnia  (45,  40)  have  reported  the  results  of 
investigations  on  zinc  toxicity  in  the  lepidopterous  insect  Corcyva 
cephalonica  St.  This  organism  was  utilized,  since,  in  many  ways, 
its  nutritional  requirements  and  metabolism  are  similar  to  higher 
organisms.  It  was  shown  that  the  larvae  of  the  rice  moth  were  re¬ 
sistant  to  as  much  as  800  ppm  zinc  given  as  zinc  chloride  or  zinc 


Zinc  Toxicity  in  Man  and  Experimental  Species  1 1 

sulfate.  Higher  levels  of  zinc  reduced  survival  to  barely  one  week. 
Further  studies  showed  that  vitamin  Bu*  and  liver  extract  reduced 
the  mortality  due  to  lethal  doses  of  zinc  with  the  liver  preparation 
being  the  more  effective.  With  these  high,  lethal  doses  of  zinc, 
none  of  the  supplements  protected  against  the  growth  inhibition. 
At  toxic,  but  not  lethal,  levels  of  zinc,  growth  protection  was 
afforded  by  liver  extract  and  by  DNA  and  RNA.  Dietary  DMA 
did  not  influence  the  uptake  of  zinc-65  front  the  diet,  and  the 
precise  action  of  DNA  and  RNA  are  unknown.  Sastry  el  al.  (46) 
in  further  studies  demonstrated  that  the  intake  of  toxic  amounts 
of  zinc  by  rice  moth  larvae  brings  about  not  only  an  inhibition 
of  growth  but  also  a  pronounced  fail  in  tissue  catalase  activity. 
Copper  sulfate  added  to  the  zinc  toxic  meal  restored  the  enzyme 
level  to  normal  without  improving  growth.  These  findings  are 
quite  similar  to  those  reported  by  Van  Reen  and  Pearson  (30)  and 
Van  Reen  (31)  for  the  rat  and  suggest  a  similar  mechanism  of 
zinc  toxicity,  that  is,  via  inhibition  of  copper  metabolism.  Adiga 
et  al  (47)  further  showed  that  iroti  supplementation  restored 
the  growth  of  Corcyra  Innate  given  toxic  levels  of  zinc.  This  com¬ 
pares  with  the  observation  of  Cox  and  Harris  (40) ,  who  noted 
that  in  rats  the  zinc-iron  antagonism  manifests  itself  in  altered 
tissue  iron  levels  which  can  be  partially  brought  to  normal  by 
additional  iron. 

MacLeod  (48)  has  investigated  the  toxicity  of  zinc  for  Lacto¬ 
bacillus  arabinosus  and  Lactobacillus  pentosus  and  has  reported 
that  toxicity  is  markedly  decreased  as  the  pH  of  the  medium  is 
reduced  from  6.5  to  5.0.  He  has  suggested  that  zinc  ions  exert  their 
toxicity  by  forming  an  inactive  complex  with  metabolically  active 
components  of  the  cell.  Lower  pH’s  would  affect  the  formation  of 
a  complex,  thus  the  metal  ions  wotdd  demonstiatc  reduced  toxi¬ 
city. 

The  toxicity  of  zinc  to  Aspergillus  niger  was  studied  by  Adiga 
el  al  (49) ,  who  have  shown  that  1,000  fig  zinc/10  ml  of  culture 
medium  reduces  the  growth  of  mold  to  about  40  per  cent  of  con¬ 
trols.  Interestingly  enough,  magnesium  salts  appear  to  reverse  the 
toxicity.  Only  200  fig  magnesium  were  able  to  counteract  1.000 
fig  of  zinc  in  a  10  ml  culture.  From  these  results,  it  is  possible  to 
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conclude  that  zinc  toxicity  in  A.  niger  is  equivalent  to  a  condi¬ 
tioned  magnesium  deficiency,  whereas,  in  the  rat  it  is  a  zinc- 
copper  relationship.  Iron  also  counteracts  the  growth  suppression 
in  A.  niger  but  is  not  as  effective  as  magnesium. 

Investigations  have  also  been  made  utilizing  the  yeast,  Sac- 
charomyces  carlsbergcnsis  (50) .  Toxic  levels  of  zinc  in  the  culture 
medium  caused  reduced  oxygen  uptake  and  reduced  aerobic  and 
anaerobic  fermentation.  Cytochrome  oxidase  activity  was  also 
markedly  reduced  in  the  toxic  state.  This  corresponds  to  the  ob¬ 
servations  in  rat  tissues  but  leaves  unexplained  the  zinc-mag¬ 
nesium  relationship  observed  in  A.  niger. 

The  toxicity  of  zinc  to  aquatic  animals  has  been  recently  re¬ 
viewed  by  Skidmore  (51),  who  has  indicated  that  the  toxicity 
can  be  modified  by  several  environmental  factors,  particularly  the 
hardness  of  the  water,  the  dissolved  oxygen  concentration  and 
temperature.  Apparently,  a  different  mechanism  of  zinc  toxicity 
must  be  operative  in  trout  and  other  fish  than  in  higher  animals, 
since  zinc  and  copper  salts  exert  a  synergistic  action  on  one  an¬ 
other.  The  synergism  holds  only  at  relatively  high  concentrations, 
whereas  at  concentrations  of  zinc  less  than  1.8  ppm  and  copper 
0.3  ppm,  the  effect  of  the  salts  are  additive. 

REFERENCES 

1.  Vallke,  B.  L..  and  Alt schui.e.  M.  D.:  Zinc  in  the  mammalian  organism 

with  particular  reference  to  carbonic  anhydrase.  Physiol.  Rev.,  29: 
370,  1949. 

2.  Hegstkd,  D.  M.,  McKibbin,  J.  M.,  and  Drinker,  C.  K.:  The  biological. 

hygienic,  and  medical  properties  of  /inc  and  /inc  compounds.  U.  .S'. 
Public  Health  Hep..  Suppl.  179,  1945. 

3.  Vali.ee,  B.  L.:  Zinc.  In  Comar.  C.  L.,  and  Bronner,  F.:  Mineral  Metabol¬ 

ism.  New  York.  Academic  Press.  1962.  vol.  II. 

•1.  Underwood,  E.  J.:  Trace  Elements  in  Hitman  and  Animal  Xuhition. 
New  York  and  London.  Academic  Press,  1962. 

5.  Vau.ee,  B.  L.:  Biochemistry,  physiology  and  pathology  of  zinc.  Physiol. 

Rev.,  29:443,  1959. 

6.  Si okinger.  H.  E.:  Zinc.  In  Fassctt,  D.  W..  and  Irish,  I).  D.:  Industrial 

Hygiene  and  Toxicology,  2nd  cd.  New  York  and  London,  Wiley,  i963. 
vol.  2.  p.  1182. 

7.  Sturgis.  C.  C..  Drinker,  I\.  and  Thompson.  R.  M.:  Metal  fume  fever:  I. 

Clinical  observations  on  the  effect  of  the  experimental  inhalation  of 


nsr--‘ -  ■  - 


t 


Zinc  Toxicity  in  Man  ami  Experimental  Specie s  13 

zinc  oxide  by  two  apparently  normal  persons.  J.  Indust.  Hyg.,  °:88, 
1927. 

8.  Batchki.or,  R.  P.,  Fkhnkl,  J.  W.,  Thomson,  R.  M.,  and  Drinker,  K.  R.: 

Clinical  and  laboratory  investigation  of  the  effect  of  metallic  zinc,  of 
zinc  oxide,  and  of  zinc  sulphide  upon  health  of  workmen.  J.  Indust. 
Hyg.,  8:322,  1926. 

9.  Rohrs,  L.  C.:  Metal-fume  fever  from  inhaling  zinc  oxide.  A.M.A.  Arch. 

Indust.  Health,  16: 42,  1957. 

10.  Turner,  J.  A.:  An  occupational  dermatoconiosis  among  zinc  oxide  work¬ 

ers.  Public  Health  Rep.,  36: 2727,  1921. 

11.  Freeman,  H.  E.:  Zinc  dermatitis:  an  additional  hazard  in  the  aircraft 

industry.  JAMA,  119:1016,  1942. 

12.  Koga,  A.:  Repartition  du  zinc  dans  les  organes  ties  animaux.  Keijo  J. 

Med.,  5: 97,  1934. 

13.  I.einer,  M.,  and  Leiner,  G.:  Der  Gcltalt  an  Zink  und  Kohlensanrcan- 

hydratase  in  der  Augen,  in  anderen  Organen  uml  in  Blut  von  Wirbel- 
tieren.  Xaturwissenschaften,  29: 763,  1941. 

14.  W iddow son ,  E.  M.,  McCance,  R.  A.,  and  Sprav,  C.  M.:  The  chemical 

composition  of  the  human  body.  Clin.  Sci.,  10:113,  1951. 

15.  McCance,  R.  A.,  and  YViddowson,  E.  M.:  The  absorption  and  excretion 

of  zinc.  Biochern.  J.,  36: 392,  1942. 

16.  Hinman,  J.  J.:  Desirable  characteristics  of  a  municipal  water  supply.  J. 

Amer.  Water  Works  Ass.,  30: 484,  1938. 

17.  Sollman,  T.:  A  Manual  of  Pharmacology.  Philadelphia,  Saunders,  1957, 

p.  1302. 

18.  Callender,  G.  R„  and  Gentz.kow,  C.  J.:  Acute  poisoning  by  the  zinc  and 

antimony  content  of  limeade  prepared  in  a  galvanized  iron  can. 
Milit.  Surg.,  80: 67.  1937. 

19.  Brown,  M.  A.,  Thom,  J.  V.,  Orth,  G.  L.,  Cova,  P„  and  Juarez,  J.:  Food 

poisoning  involving  zinc  contamination.  Environ.  Health,  5:657,  1964. 

20.  Salant,  W.:  The  pharmacology  of  heavy  metals.  J.  Indust.  Hyg.,  2:72, 

1921. 

21.  Heller,  V.  G.,  and  Burke,  A.  D.:  Toxicity  of  zinc.  J.  Biol.  Chetn.,  71: 

85,  1927. 

22.  Drinker,  K.  R.,  Thompson,  P.  K.,  and  Marsh,  M.:  An  investigation  of 

the  effect  of  long-continued  ingestion  of  zinc,  in  the  form  of  zinc 
oxide,  by  cats  and  dogs,  together  with  observations  upon  the  excrc- 
tio-.  and  the  storage  of  zinc.  Amer.  J.  Physiol.,  56:31.  1927. 

23.  Drinker,  K.  R.,  Thompson,  P.  K.,  and  Marsh,  M.:  An  investigation  of 

the  effect  upon  rats  of  long-continued  ingestion  of  zinc  compounds, 
with  especial  reference  to  the  relation  of  zinc  excretion  to  zinc  intake. 
Amer.  J.  Physiol.,  5/:284,  1927. 

24.  Sutton,  W.  R.,  and  Nelson,  V.  E.:  Studies  on  zinc.  Proc.  Soc.  Exp.  Biol. 

Med..  36:211,  1937. 


•> 


i 

i 


; 


I  -I  Zi nc  M eta  holism 

25.  Smith,  S.  E.,  and  Larson,  E.  J.:  Zinc  toxicity  in  rats.  J.  Biol.  Chew., 

16):  29,  1946. 

26.  Hart,  E.  B.,  Steenbock,  H.,  Waddell,  J.,  and  Elvehjem,  C.  A.:  Iron  in 

nutrition;  copper  as  a  supplement  to  iron  for  hemoglobin  building 
in  the  rat.  J.  Biol.  Chem.,  77:797,  1928. 

27.  Schultze,  M.  O.:  The  effect  of  deficiencies  in  copper  and  iron  on  the 

cytochrome  oxidase  of  rat  tissues.  J.  Biol.  Chem.,  129: 729,  1939. 

28.  Schultze,  M.  O.:  The  relation  of  copper  to  cytochrome  oxidase  anti 

hematopoietic  activity  of  the  bone  marrow  of  rats.  J.  Biol.  Chem., 
138: 219,  1941. 

29.  Schultze,  M.  O.,  and  Kuiken,  K.  A.:  The  effect  of  deficiencies  in  copper 

and  iron  on  the  catalase  activity  of  rat  tissue.  J.  Biol.  Chem.,  137: 
727,  1941. 

30.  Van  Reek,  R.,  and  Pearson,  P.  B.:  The  effect  of  excessive  dietary  zinc 

on  growth  and  liver  enzymes  of  the  rat.  Fed.  Proc.,  12: 283,  1953. 

31.  Van  Reek  R.:  Effects  of  excessive  dietary  zinc  in  the  rat  and  the  inter¬ 

relationship  with  copper.  Arch  Biochem.,  46: 337,  1953. 

32.  Duncan,  G.  D.,  Gray,  L.  F„  and  Daniel,  L.  J.:  Effect  of  zinc  on  cyto¬ 

chrome  oxidase  activity.,  Proc.  Soc.  Exp.  Biol.  Med.,  83:6 25,  1953. 

33.  Witham,  I.  J.:  The  depression  of  cytochrome  oxidase  activities  in  the 

livers  of  zinc-intoxicated  rats.  Biochim.  Biophys.  Acta,  73: 509,  1963. 

34.  Sadasivak,  V.:  Studies  on  the  biochemistry  of  zinc.  1.  Effect  of  feeding 

zinc  on  the  liver  and  bones  of  rats.  Biochem.  J.,  48: 527,  1951. 

35.  Sadasivan,  V.:  Studies  on  the  biochemistry  of  zinc.  2,  The  effect  of  intake 

of  zinc  on  the  metabolism  of  rats  maintained  on  a  stock  diet.  Biochem. 
J.,  49:186.  1951. 

36.  Sadasivan,  V.:  Studies  on  the  biochemistry  of  zinc.  3.  Further  investiga¬ 

tions  on  the  influence  of  zinc  on  metabolism.  Biochem.  ].,  52:452.  1952. 

37.  Stewart,  A.  K.,  and  Macee,  A,  C.:  Effect  of  zinc  toxicity  on  calcium, 

phosphorus  and  magnesium  metabolism  of  young  rats.  J.  Xutr.,  82: 
287,  1964. 

38.  Newland,  H.  W.,  Ullrf.y,  D.  E.,  Hoefer,  J.  A.,  and  Lueckf.,  R.  W.:  The 

relationship  of  dietary  calcium  to  zinc  metabolism  in  pigs.  J.  Anim. 
Sci.,  17: 886,  1958. 

39.  Hoekstra,  W.  G..  Lewis,  P.  K-»  JR-.  Phillips,  P.  H.,  and  Grummer,  R. 

H.:  The  relationship  of  parakeratosis,  supplemental  calcium  and  zinc 
to  the  zinc  content  of  certain  body  components  of  swine.  J.  Anim. 
Sci..  15: 752,  1956. 

40.  Cox,  D.  H„  and  Harris,  D.  L.:  Effect  of  excess  dietary  zinc  on  iron  and 

copper  in  the  rat.  J.  Xutr.,  70: 514,  1960. 

41.  McCall,  J,  T.,  Mason,  J.  V.,  and  Davis,  G.  K.:  Effect  of  source  and  level 

of  dietary  protein  on  the  toxicity  of  zinc  to  the  rat.  J.  Xutr.,  74: 51, 
1961. 


Zinc  Toxicity  in  Man  and  Experimental  Species  15 

42.  Cox,  D.  H.,  and  Harris,  D.  L.:  Reduction  of  liver  xanthine  oxidase 

activity  and  iron  storage  proteins  in  rats  fed  excess  zinc.  J.  Nulr.,  78: 
415,  1962. 

43.  Grant-Frost,  D.  R.,  and  Underwood,  F-.  J.:  Zinc  toxicity  in  the  rat  and 

its  interrelationship  with  copper.  Austr.  J.  Exp.  Biol.  Med.  Sci.,  36: 
339,  1958. 

44.  Brinkman,  G.  L.,  and  Miller,  R.  F.:  Influence  of  cage  type  and  dietary 

zinc  oxide  upon  molybdenum  toxicity.  Science,  133: 1531,  1961. 

45.  Sastry,  K.  S„  and  Sarma,  P.  S.:  Effect  of  copper  on  growth  and  catalase 

levels  of  Corcyra  cephalonica  St.  in  zinc  toxicity.  Nature,  l82:bSS, 
1958. 

46.  .Sastry,  K.  S.,  Murty,  R.  R.,  and  Sarma,  P.  S.:  Studies  on  zinc  toxicity 

in  the  larvae  of  the  rice  moth,  Corcyra  cephalonica  St.  Biochem.  ]., 
69:425,  1958. 

47.  Adica,  P.  R.,  Sastry,  K.  S.,  Venkatasubramanyam,  V.,  and  Sarma,  P.  S.: 

Interrelationships  in  trace  element  metabolism  in  metal  toxicities  in 
Corcyra  cephalonica  St.  Proc.  Soc.  Exp.  Biol.  Med.,  109: 151,  1962. 

48.  MacLeod,  R.  A.:  Dependence  of  the  toxicity  of  cations  for  lactic  acid 

bacteria  on  pH  and  incubaiion  time.  J.  Bad.,  67: 23,  1954. 

49.  Adiga,  P.  R„  Sastry,  K.  S.,  Venkatasubramanyam,  V.,  and  Sarma,  P.  S.: 

Interrelationships  in  trace-element  metabolism  in  Aspergillus  niger. 
Biochem.  ].,  81:535,  1961. 

50.  Witham,  I.  J.:  Zinc  toxicity  in  brewers’  yeast.  Nature  797:1113,  1963. 

51.  Skidmore,  J.  F.:  Toxicity  of  zinc  compounds  to  aquatic  animals,  with 

special  reference  to  fish.  Quart.  Rev.  Biol.,  39: 227,  1964. 


-,-v-w  - 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  R&D 


_ (Stcurity  ciaiaWcatlan  o I  lllta,  body  ot  abalrmet  and  Indexing  annotation  nutl  ba  an tired  whan  thm  outran  report  /«  cltatHlad) 

1.  ORIOINATiN  C  ACTIVITY  (Corporata  author)  Za.  REPORT  SECURITY  Classification 

Naval  Medical  Research  Institute  Unclassified 

National  Naval  Medical  Center  26  aROUP - 

Bethesda,  Maryland  2001 4 

3.  REPORT  TITLE 

ZINC  TOXICITY  IN  MAN  AND  EXPERIMENTAL  SPECIES 


4*  DESCRIPTIVE  NOTES  (Typm  ot  npori  and  inetutivo  dstotj 

Medical  research  interim  report 


5*  AUTHORft)  (Lott  nmto,  tint  nmmo,  Initial) 

VAN  REEN,  Robert  (n) 


«.  REPORT  DATE 


1966 


•  a.  CONTRACT  OR  GRANT  NO. 


b.  PROJECT  NO. 


?a-  TOTAL  NO.  OP  PACES  ]  7b.  NO.  OF  REPS 


*«.  ORIGINATOR'S  REPORT  VUMBBRtt) 


MR  005.06.OO0j,  Report  N. .  ? 


9b.  gTHER  REPORT  NOfSJ  (Any  otbar  numbara  dial  may  ba  aaaifnad 


10-  A  VA  IL  ABILITY/LIMITATION  NOTICES 

Distribution  cf  this  ,'cc  :.ent  is  unlimited. 


11.  SUPPLEMENTARY  NOTES 


13.  ASSWCT 


12.  SPONSORING  MILITARY  ACTIVITY 


Bureau  of  Medicine  and  Surgery 
Navy  Department 
Washington,  D.  C. 


Many  of  the  metals  cr  metal  salts  exert  a  degree  cl-  toxicity  when  ingested, 
InJi-ilec  or  placed  on  the  skin  surfaces.  The  level  of  a  metal  *  hi  h  causes  a  toxic 
reaction  -varies  tremendously  with  the  mineral.  Zinc  salts  are  not  particularly 
toxic  in  comiaHson  with  salts  of  copper,  molybdenum,  mercury,  etc..  ~ 

In  man,  the  inhalation  of  air  containing  from  3  to  15  mg  zincite  during 
working  hours  over  a  period  of  many  years  apparently  exerts  nc  toxic  manifesta¬ 
tions.  Skin  sensitivity  to  zinc  appears  to  be  relatively  rare,  although  salts 
auch  as  zinc  chloride  have  a  caustic  action  and  can  cause  damage  to  the  s.:tn.  The 
action  in  this  case  cannot  be  attributed  to  the  zinc  i:.n.  Many  cases  of  poisoning 
due  to  the  ingestion  of  zinc  salts  have  been  rc-portec.  These  ?:  ses  usually  occur 
through  the  use  of  galvanized  containers  tc  store  acid  foods  cr  drinks.  The 
emetic  dose  cf  zinc  sulfate  has  been  reported  tc  be  1  to  2  gm  which  would  be 
equivalent  to  225  to  450  mg  of  zinc. 

Zinc  toxicity  in  rats  has  been  shewn  to  result  in  growth  depress!':  r_  $#4 
anemia.  Some  evidence  is  presented  tc  indicate  thai  the  anemia  produced  in  this 
manner  can  be  overcome  by  simultaneous  copper  administration.  Zinc  toxicity  in 
other  species  of  experimental  animals  is  discussed.  ,  ^ 


■mention 


LINK  A 


LINK  ■ 


NOL* 


LINK  C 


c  toxocity 
.Mineral  toxicity 
Zinc-copper  interrelationship 


INSTRUCTIONS 


I.  ORIGINATING  ACTIVITY:  Eater  the  name  and  (ddmi 
the  contractor,  subcontractor,  grantee,  Department  of  Da* 
(ease  activity  or  other  organisation  (corporate  author)  issuing 
the  report. 

2a.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over* 
all  security  classification  of  the  report.  Indicate  whether 
''Restricted  Data"  is  included  Marking  is  to  be  in  accord¬ 
ance  with  appropriate  security  regulations. 

26.  GROUP:  Automatic  downgrading  is  specified  in  DoD  Di¬ 
rective  5200. 10  and  Armed  Forcee  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  used  for  Group  3  and  Group  4  'as  author¬ 
ised. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
‘capital  letters.  Titles  in  all  cases  should  be  unclassified. 

Sa  meaningful  title  cannot  be  selected  without  classifice- 
on,  show  title  claaeificstion  in  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  is 
covered. 

5.  AUTHOR(S):  Enter  the  nara e(e)  of  authoKs)  as  shown  on 
or  in  the  report.  Enter  last  hams,  first  name,  middle  initial. 

If  military,  show  rank  and  branch  of  service.  The  name  of 
the  principal  author  is  an  absolute  minimum  retirement. 

6,  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  year;  or  month,  year.  If  more  than  one  date  appears 
on  the  report,  use  date  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES:  The  total  page  count 
should  follow  normal  pagination  procedures,  Le.,  enter  the 
number  of  pages  containing  information, 

76.  NUMBER  OF  REFERENCES:  Enter  the  total  number  of 
references  cited  in  the  report. 

8a.  CONTRACT  OR  GRANT  NUMBER:  If  *»propriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

86,  8c,  8t  8<f.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR'S  REPORT  NUMBER(S):  Eater  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  must 
be  unique  to  this  report. 

96.  OTHER  REPORT  NUMBER(S):  If  the  report  has  been 
assigned  any  other  report  numbers  (aithar  by  the  originator 
or  by  the  aponaot),  also  enter  this  numbers). 

10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  t|ioee 


imposed  by  security  classification,  usirg  standard  statements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC." 

(2)  "Foreign  announcement  and  dissemination  of  thia 
report  by  DDC  is  not  authorized." 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  "U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC  Other  qualified  users 
shall  request  through 


(5)  "All  distribution  of  this  report  is  controlled  Qual¬ 
ified  DDC  users  shall  request  through 


If  the  report  has  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known. 

1L  SUPPLEMENTARY  NOTES:  Use  for  additional  explana¬ 
tory  notes. 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay¬ 
ing  tor)  the  research  and  development  Include  addreaa. 

13.  ABSTRACT:  Eater  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  apace  is  required,  a  continuation  sheet  a  hall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports  i 
be' unclassified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  (TS).  (S),  (C),  or  (V).  ] 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  words. 

14.  KEY  VORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  end  may  be  used  as 
index  entries  for  cataloging  the  report.  Key  words  must  be 
selected  so  that  no  security  classification  is  required.  Identi¬ 
fiers,  such  ss  equipment  model  designation,  trade  name,  mllita 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  Indication  of  technical  con¬ 
text.  The  assignment  of  links,  roles,  and  weights  is  optional. 


1473 (BACK) 


DC  3  5  51 


UNCLASSIFIED 


